The donkey (*Equus asinus*) is believed to have originated from Africa and was domesticated from the African wild ass (*Equus africanus*) in Nubia (Northern Sudan) by around 4000 BC \[[@r9]\]. The widespread use of donkeys in rural and urban areas of Africa for transportation and farm work indicates that this animal has an important role in the economies of many developing countries, including Sudan \[[@r13]\]. As home to approximately 7.51 million donkeys, Sudan has the fifth largest donkey population in Africa \[[@r12], [@r30], [@r42]\]. These donkeys have a significant presence in agriculture and transport operations in urban areas and in the outskirts of the cities, such as in West Omdurman, where the poor use donkeys as a mean of transportation and source of daily income \[[@r47]\]. Donkeys have often been described as sturdy animals; thus, there is a perception that they do not require much care when they get sick, and their health problems are neglected in most parts of Sudan despite their huge contribution to the improvement of human life \[[@r40]\]. However, donkeys are susceptible to a variety of diseases and are usually asymptomatic carriers \[[@r3]\].

Trypanosomosis (TR) and equine piroplasmosis (EP) are two of the most important hemoprotozoan parasitic diseases in equines. TR is caused by unicellular flagellar protozoa of the genus *Trypanosoma* in the family *Trypanosomatidae*; these organisms live and multiply in the blood and other tissue fluids \[[@r4]\]. The severity of the disease depends on the *Trypanosoma* species and the virulence of individual isolates. Surra and dourine are caused by *Tr.* (*Trypanozoon*) *evansi* and *Tr.* (*Trypanozoon*) *equiperdum*, respectively, which are widely distributed around the world. *Tr.* (*Trypanozoon*) *brucei*, *Tr.* (*Nannomonas*) *congolense*, and *Tr.* (*Duttonella*) *vivax* are the causative agents of nagana, the tsetse-transmitted trypanosomosis, which occurs in an area of 10 million km^2^ in 37 African countries, where tsetse flies live \[[@r19]\]. Donkeys seem to have the greatest resistance to tsetse-transmitted trypanosomosis among equids, and the disease has become a clinical problem when accompanied by precipitating factors, such as the stress of work \[[@r47]\]. In Sudan, in early 1915, trypanosomes were found to cause TR in a group of equines, resulting in 100% mortality, owing to their use as transport animals in tsetse-infested areas \[[@r46]\]. The parasite causing this outbreak was identical to *Tr. brucei*. Thereafter, in the 1930s, *Tr*. *congolense* was identified as the causative agent of the disease in horses from tsetse-infested areas in Sudan \[[@r6]\]. Infection with mechanically-transmitted *Tr. evansi* was first diagnosed in horses in 1952 \[[@r11]\]. Dourine, a type of sexually transmitted trypanosomosis caused by *Tr. equiperdum*, was identified in a donkey mare in Nyala, Western Sudan in 1961 \[[@r44]\] although World Organization for Animal Health (OIE) data indicate that this disease has never been recorded in Sudan \[[@r30]\]. Since the first report, the disease has not been reported again. Recently, *Tr. brucei* subspecies, *Tr. vivax*, *Tr. simiae*, and *Tr*. *congolense* have been reported in equines in Sudan \[[@r37]\]. Although TR is usually reported in veterinary clinics in Sudan, its epidemiology is still unclear, particularly in donkeys. Importantly, TR can contribute to a reduction in the strength and survival of donkeys \[[@r43]\]. Moreover, one report described a significant association between trypanosome infection and mean body condition score in donkeys \[[@r24]\].

EP is a hemoprotozoan disease of equids caused by two intra-erythrocytic protozoa of the genera *Theileria* (*Theileria equi*) and *Babesia* (*Babesia caballi*) \[[@r32]\]. EP can occur as acute, subacute, or chronic disease \[[@r14]\]. EP has a worldwide distribution and is endemic in most tropical and subtropical zones and in some temperate climatic zones \[[@r7]\]. This disease is transmitted by ticks or mechanically by improperly sterilized instruments, such as syringes and needles. Moreover, EP is an OIE notifiable disease in Sudan \[[@r47]\]. EP was first reported in Sudan in 1907 as biliary fever, with the conclusion that *Th. equi* was more prevalent than *B. caballi* \[[@r31], [@r38]\]. Recent studies have reported the occurrence of EP in different parts of Sudan \[[@r36]\]. Microscopic examination of Giemsa-stained blood smears for detection and identification of EP- and TR-causative protozoa is of low sensitivity, particularly in cases with low parasitemia \[[@r18], [@r23], [@r39]\]. Thus, serological and molecular techniques have been shown to be more accurate diagnostic methods for detection of EP \[[@r33]\] and TR \[[@r15]\].

Previous studies on EP in Sudan did not include donkeys from Khartoum State \[[@r36]\], and few donkeys from Khartoum North were included in another study on TR in Sudan \[[@r37]\]. Therefore, we conducted this study to provide an update on the prevalence of TR and EP in donkeys in West Omdurman, Khartoum State, Sudan by utilizing serological and molecular diagnostic techniques.

MATERIALS AND METHODS {#s1}
=====================

Study area and sample collection
--------------------------------

Samples were obtained from 198 donkeys in a local market in West Omdurman, Khartoum State ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Map of Sudan showing the sampling location in West Omdurman, Omdurman city, Khartoum State.), after obtaining consent from the donkey owners. Apparently healthy donkeys, that did not present with typical symptoms or health complaints as indicated by their owners, were selected randomly for sampling. Briefly, 8 m*l* of blood was drawn from the jugular vein; 3 m*l* was stored in vacutainer tubes with EDTA (Terumo, Tokyo, Japan) for DNA extraction, and 5 m*l* was stored in plain vacutainers (Terumo) for serum separation. Sera were separated by centrifugation into 1.5-m*l* tubes and kept at −20°C until use. Genomic DNA of each sample was extracted from whole blood after loading onto Whatman™ FTA™ Elute Cards (GE Healthcare, Chicago, IL, USA), according to the manufacturer's instructions. Permission for this study was obtained according to the standards of animal experimentation at Obihiro University of Agriculture and Veterinary Medicine (Approval No. 29-2, 18-18, 19-19).

Card Agglutination test for Trypanosoma evansi (CATT/ Tr. evansi)
-----------------------------------------------------------------

CATT/ *Tr. evansi* was used for the detection of anti-salivarian trypanosomes antibodies in serum samples according to the manufacturer's instructions (Institute of Tropical Medicine, Antwerp, Belgium) and the OIE manual \[[@r29]\]. Briefly, 25 *µl* of serum (diluted 1:4 with CATT diluent) was dispensed onto the reaction zone of a plastic test card. One drop (approximately 45 *µl*) of CATT reagent was added to the serum, and the mixture was then spread using a stirring rod and allowed to react on a CATT rotator (Institute of Tropical Medicine) for 5 min at 70 rpm. A sample was considered positive when blue agglutinates were visible \[[@r5], [@r45]\].

Enzyme-linked immunosorbent assay (ELISA)
-----------------------------------------

All serum samples were tested for TR antibodies with recombinant *Tr. evansi* GM6-based ELISA (rTeGM6-4r- ELISA) and *Tr. evansi* crude antigen-based ELISA (TeCA-ELISA). The rTeGM6-4r antigen was produced, and ELISA was conducted as described previously \[[@r27]\]. *Tr. evansi* cell lysate crude antigen (TeCA) was prepared according to the OIE manual \[[@r29]\], and ELISA was conducted as described previously \[[@r27]\]. For EP, merozoite antigen 2 (EMA-2)- and 48-kDa merozoite rhoptry protein (BC48)-based ELISAs were performed as described previously \[[@r16], [@r25]\] for detection of *Th. equi* and *B. caballi*, respectively.

The optical density (OD) was assessed at 5 min after the addition of the substrate and immediately after stopping the reaction by measuring the OD~450~ using a Glomax Multi detection system microplate reader (Promega, Madison, WI, USA). Cutoff values (mean ± 3 standard deviations) for rTeGM6-4r-, TeCA-, EMA-2-, and BC48-based ELISAs were calculated from the OD values of four negative control sera from healthy donkeys, that were commercially obtained (Sigma-Aldrich, St. Louis, MO, USA; Jackson Immuno Research Laboratories, West Grove, Inc., PA, USA; Southern Biotech, Birmingham, AL, USA; Immuno Bio Science Corp., Mukilteo, WA, USA).

Polymerase chain reaction (PCR)-based identification of the parasites
---------------------------------------------------------------------

Two different PCR techniques were employed to detect and identify trypanosomes DNA in donkeys, (i) single-step internal transcribed spacer-1 (ITS1)-PCR, which amplifies ITS1 and allows for the simultaneous detection of three major trypanosome species (*Trypanozoon*, *Tr. congolense*, and *Tr. vivax*) \[[@r28]\]; and (ii) RoTat1.2 variable surface glycoprotein (VSG) PCR (*Tr. evansi* type A-specific), which specifically amplifies the RoTat1.2 VSG gene encoding the VSG in *Tr. evansi* type A \[[@r8]\]. All primers sequences used in PCR in this study are listed in [Table 1](#tbl_001){ref-type="table"}Table 1.PCR techniques and primers used for detection of trypanosome and piroplasm DNA in donkeysPCRTarget genePrimersSequence 5′-3′SpecificitySize (bp)ReferencesITS 1ITS1ITS1CFCCGGAAGTTCACCGATATTG*Trypanozoon*480\[[@r28]\]ITS1BRTTGCTGCGTTCTTCAACGAA*Tr. congolense*620--700*Tr. vivax*250RoTat 1.2RoTat 1.2 VSGRoTat 1.2FGCGGGGTGTTTAAAGCAATA*Tr. evansi* (type A)205\[[@r8]\]RoTat 1.2RATTAGTGCTGCGTGTGTTCG*Theileria equi*EMA-1EMA-1FGCATCCATTGCCATTTCGAG*Th. equi*750\[[@r2]\]EMA-1RTGCGCCATAGACGGAGAAGC*Babesia caballi*BC48BC48FGGCTCCCAGCGACTCTGTGG*B. caballi*610\[[@r2]\]BC48RCTTAAGTGCCCTCTTGATGC.

ITS1-PCR was performed in a total reaction volume of 10 *µl*, including 2 *µl* of 5× Phusion^®^ HF reaction buffer (1.5 mM MgCl~2~ was included in the final concentration), 0.8 *µl* of 250 *µ*M dNTPs, 0.1 *µl* Phusion^®^ DNA polymerase (New England BioLabs, Japan Inc., Tokyo, Japan), 1 *µl* each of 10 *µ*M forward and reverse primers, 5.1 *µl* double-distilled water, and 1 *µl* DNA sample. The PCR conditions were as follows: an initial denaturation step at 98°C for 30 sec; followed by 35 cycles of amplification with denaturation at 98°C for 10 sec, annealing at 64°C for 30 sec and extension at 72°C for 30 sec and a final extension step at 72°C for 2 min.

RoTat1.2 VSG PCR was also performed in a total reaction volume of 10 *µl* containing 1 *µl* of 10× reaction buffer, 0.3 *µl* of 50 mM magnesium chloride, 0.8 *µl* of 250 *µ*M dNTPs, 0.1 *µl* Taq DNA polymerase (Invitrogen, Thermo Fisher Scientific Inc., Waltham, MA, USA), 0.5 *µl* each of 10 mM forward and reverse primers, 5.8 *µl* double-distilled water, and 1 *µl* DNA sample. The PCR conditions were as follows: an initial denaturation step at 94°C for 3 min; followed by 40 cycles of amplification with denaturation at 94°C for 30 sec, annealing at 57°C for 30 sec and extension at 72°C for 60 sec and a final extension step at 72°C for 10 min.

Two more PCR techniques were employed to detect and identify piroplasms in donkeys (i) EMA-1 PCR, which specifically amplified the gene encoding *Th. equi* merozoite antigen 1 \[[@r2]\]; and (ii) BC48-PCR, which amplified the gene encoding 48-kDa rhoptry protein of *B. caballi* \[[@r2]\]. All primers sequences used in PCR in this study are listed in [Table 1](#tbl_001){ref-type="table"}.

All reactions were carried out in a Veriti™ thermal cycler (Thermo Fisher Scientific). The PCR products were electrophoresed on 2% agarose gels, stained with ethidium bromide, and visualized under ultraviolet light.

DNA cloning and sequencing
--------------------------

The ITS1, RoTat1.2 VSG, EMA-1 and BC48 amplicons were extracted from agarose gels using a QIAamp gel extraction kit (Qiagen, Hilden, Germany), cloned, and transformed into chemically competent *Escherichia coli* (One Shot Mach1; Thermo Fisher Scientific) using Zero Blunt TOPO (for ITS1) and TOPO TA (for RoTat1.2 VSG, EMA-1 and BC48) cloning kits (Thermo Fisher Scientific), respectively, according to the manufacturer's instructions. After checking several colonies for each PCR cloned product by colony PCR, 18, 7, 4 and 1 positive clones of ITS1, RoTat1.2 VSG, EMA-1 and BC48, respectively, were selected for plasmid DNA purification using a QIAprep Spin Miniprep kit (Qiagen). Approximately 100--200 *n*g/*µl* pure plasmid DNA was used for sequencing with a Big Dye Terminator kit (Thermo Fisher Scientific). The sequencing PCR conditions consisted of an initial denaturation step at 96°C for 1 min, followed by 25 cycles of amplification with denaturation at 96°C for 10 sec, annealing at 50°C for 5 sec and extension at 60°C for 2 min. The PCR products were ethanol-precipitated and dissolved in 20 *µl* Hi-Di formamide solution before DNA sequencing.

Sequencing analysis
-------------------

The ITS1 sequences of *Trypanozoon* and *Tr. congolense*, the RoTat1.2 VSG, the EMA-1 and the BC48 sequences obtained from donkey DNA samples were aligned with published sequences from the GenBank database using the Basic Local Alignment Search Tool (BLAST), and the phylogenetic trees were constructed using the maximum likelihood method implemented in the Mega software program (version 7). All sequences generated in this study were deposited in the GenBank database under accession numbers LC492114−LC492131, LC493166−LC493172 and LC514705−LC514709.

RESULTS {#s2}
=======

Seroprevalence of hemoprotozoan parasites
-----------------------------------------

*CATT/ Tr. evansi*: Of the 198 donkeys investigated in this study, anti-salivarian trypanosomes antibodies were detected in 52 (26.3%) samples using CATT/ *Tr. evansi*.

*ELISA*: Cutoff values for rTeGM6-4r-, TeCA-, EMA-2-, and BC48-based ELISAs were calculated from the OD values of four negative control sera, yielding values of 0.30, 0.56, 0.69, and 1.27, respectively ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Detection of anti-salivarian trypanosome antibodies (A) and anti-piroplasm antibodies (B) in donkeys using ELISA. Cutoff values for ELISAs are indicated in red.). Notably, of the 198 donkeys investigated in this study, 19 (9.6%) and 56 (28.3%) were found to be positive for anti-salivarian trypanosomes antibodies using rTeGM6-4r- and TeCA-based ELISA, respectively ([Fig. 2A](#fig_002){ref-type="fig"}). In contrast, 156 (78.8%) and 10 (5.1%) were found positive for *Th. equi* and *B. caballi*, respectively ([Fig. 2B](#fig_002){ref-type="fig"}).

Molecular detection of hemoprotozoan parasites
----------------------------------------------

Of 198 samples, using ITS1-PCR, the DNA of *Trypanozoon* (\~480 bp) and *Tr. congolense* (\~700 bp) was detected in 77 (38.9%) and 18 (9.1%) samples, respectively. Moreover, five (2.5%) samples showed evidence of mixed infection with *Trypanozoon* and *Tr. congolense* ([Supplementary Fig. 1A](#pdf_001){ref-type="supplementary-material"}). Additionally, 35 (45.5%) of 77 *Trypanozoon*-positive samples were found to be positive using RoTat1.2 PCR, confirming them as *Tr. evansi* type A (\~205 bp) ([Supplementary Fig. 1B](#pdf_001){ref-type="supplementary-material"}). Regarding piroplasms, species-specific PCR assays showed that 18 (9.1%) and 8 (4%) of 198 samples were positive for *Th. equi* (\~750 bp) and *B. caballi* (\~610 bp), respectively ([Supplementary Fig. 2](#pdf_001){ref-type="supplementary-material"}). A summary of the PCR results is shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Prevalence of hemoprotozoan parasites DNA in donkeys by PCR assaysSpp.*TrypanozoonTr. congolense*Mixed *Trypanozoon* and *Tr. congolenseTr. evansi*type A*TheileriaequiBabesia caballi*(\~480 bp)(\~700 bp)(\~205 bp)(\~750 bp)(\~610 bp)No. of positive samples (%)77/198 (38.9)18/198 (9.1)5/198 (2.5)35/77 (45.5)18/198 (9.1)8/198 (4).

Sequencing analysis
-------------------

Confirmation of the \~480- and \~700-bp PCR products as *Trypanozoon* and *Tr. congolense* savannah type, respectively, was achieved by selection, cloning, and sequencing of the ITS1 region of 18 positive samples (nine samples each). The sequence similarity and pairwise distance values among trypanosomes obtained in this study and reference sequences of trypanosomes from GenBank confirmed the presence of the subgenus *Trypanozoon* ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Sequence analysis and pairwise distance analysis of \~480-bp amplicons detected in the samples taken from donkeys in Khartoum State based on internal transcribed spacer-1 (ITS1) sequences confirmed the parasites as *Trypanozoon*. Accession numbers of the *Trypanozoon* isolates detected in this study have been indicated in blue, boldface font.; GenBank database accession numbers LC492114--LC492122) and *Tr. congolense* savannah ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Sequence analysis and pairwise distance analysis of \~700-bp amplicons detected in the samples taken from donkeys in Khartoum State based on internal transcribed spacer-1 (ITS1) sequences confirmed the parasites as *Trypanosoma congolense* savannah. Accession numbers of *Tr. congolense* savannah detected in this study have been indicated in red, boldface font.; GenBank accession numbers LC492123--LC492131). The multiple sequence alignments of ITS1 have been shown in [Supplementary Fig. 3A and 3B](#pdf_001){ref-type="supplementary-material"}.

Seven positive \~205-bp PCR products were selected for cloning and sequencing of the RoTat1.2 VSG region, confirming them as *Tr. evansi* type A (GenBank accession numbers LC493166−LC493172). Moreover, selection, cloning, and sequencing of the EMA-1 region of 4 positive \~750-bp and one positive \~610-bp PCR products confirmed the etiology as *Th. equi* and *B. caballi*, respectively (GenBank accession numbers LC514705−LC514709).

DISCUSSION {#s3}
==========

Donkeys are common livestock animals in Sudan; there are an estimated 7.51 million donkeys in Sudan, with an annual increase of approximately 3% \[[@r42]\]. Donkeys are used for transportation, packing, pulling carts, farming, raising water, and milling \[[@r41]\]. The number of donkeys in Khartoum is declining with urbanization \[[@r34]\]; however, donkeys remain essential for transportation, particularly in the rural areas and margins of the three cities of Khartoum \[[@r3]\]. Although donkeys can acquire a variety of diseases, they are hardy animals and usually remain asymptomatic carriers \[[@r3]\]. In this study, we used molecular and serological techniques to evaluate the status of some important hemoprotozoan parasites in donkeys in Khartoum State owing to the general neglect of these animals despite their huge economic contributions, ultimately allowing individuals and families to increase their income and avoid poverty.

The ITS1-PCR method was used in this study. The ITS1 region of rDNA is a preferred target for detection of trypanosomes because of its highly conserved flanking regions and size variability among trypanosomes species \[[@r28]\]. TR has been reported to be more prevalent in horses than in donkeys in Sudan because only *Tr. vivax* was detected in donkeys, whereas *Trypanozoon*, *Tr. congolense*, *Tr. vivax*, and *Tr. simiae* were detected in horses in different parts of the country \[[@r37]\]. Here, we observed prevalence rates of 38.9% for *Trypanozoon* (77/198) and 9.1% for *Tr. congolense* (18/198) in donkeys in West Omdurman, Khartoum State, Sudan. Other PCR products (\~250, \~280, \~400, and \~600 bp, suspected to be *Tr. vivax*, *Tr. godfreyi*, *Tr. simiae* and *Tr. congolense* kilifi, respectively) were also detected by ITS1-PCR ([Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}). Only the prevalence of *Trypanozoon* and *Tr. congolense* savannah was confirmed by DNA sequence analysis. Sequencing of other PCR products did not result in confirmation of the suspected trypanosomes (data not shown).

*Tr. congolense* and *Tr. vivax* were previously detected in camels, dogs, and equines in non-tsetse-infested areas in Sudan \[[@r21], [@r22], [@r37]\], suggesting a mechanism of mechanical transmission. Mechanical transmission of *Tr. congolense* by African tabanid has been demonstrated experimentally under natural conditions \[[@r10]\]. Moreover, after the referendum of South Sudan from Sudan in 2011, the movement of animals between the two countries has contributed to the spread of trypanosomosis in tsetse-free areas \[[@r1]\]. These factors may explain the presence of *Tr. congolense*, which we reported for the first time, in donkeys in Khartoum, which is hundreds of kilometers away from the tsetse-infested areas. In Sudan, RoTat1.2 VSG PCR has been used for confirmation of *Tr. evansi* in camels \[[@r21], [@r35]\]. This is the first report of detection of *Tr. evansi* type A in donkeys using RoTat1.2 VSG PCR in Sudan. Notably, RoTat1.2-negative samples could be *Tr. evansi* type B or *Tr. brucei*.

Various serological tests, including indirect fluorescent antibody test, ELISA, and CATT/*Tr. evansi*, have been introduced for laboratory and field use for detection of trypanosome-specific antibodies. Only CATT/ *Tr. evansi* can be used in the field. This method classifies truly infected animals, implying applications in the targeting of individual animals for treatment with trypanocidal drugs. ELISA is suitable for verifying the disease-free status of animals because it can correctly classify uninfected animals \[[@r30]\]. OIE recommends serial testing with CATT and ELISA, followed by retesting of suspect animals to declare a disease-free status. Furthermore, it is preferred to confirm the findings by PCR. In the current study, 52 (26.3%), 19 (9.6%), and 56 (28.3%) serum samples were found positive using CATT/ *Tr. evansi*, rTeGM6-4r-based ELISA, and TeCA-based ELISA, respectively. The detection performance of crude and recombinant antigen-based ELISAs was reported to be relatively similar for the detection of trypanosomes antibodies in animals \[[@r26]\]. However, crude antigen-based ELISA showed high cross-reactivity with *Theileria*- and *Babesia*- infected serum samples from water buffalo \[[@r27]\]. In this study, the number of positive trypanosome-infected sera detected with TeCA-based ELISA in donkeys was higher than the number detected with rTeGM6-4r-based ELISA. In contrast, antibodies and DNA of *Th. equi* and *B. caballi* were detected in those donkeys. Thus, the possibility of cross-reactivity may explain the differences in the detection performance of ELISAs.

In this study, out of 198 samples, we found that 8 (4%) and 10 (5.1%) samples were positive for *B. caballi*, whereas 18 (9.1%) and 156 (78.8%) samples were positive for *Th. equi* in West Omdurman, Khartoum State using PCR and ELISA, respectively. These findings indicated that the prevalence of *Th. equi* was higher than that of *B. caballi* in donkeys in Khartoum, as detected by both serological and molecular techniques. In contrast, the seroprevalence of piroplasms in donkeys in Khartoum, as detected by ELISA, was higher than the prevalence of the parasites detected by PCR, potentially because of chronic infections, causing the parasitemia to be below the detection limit of PCR. The same findings have been reported in Mongolia, where piroplasms were detected in 51.2% and 81.6% of horses by PCR and ELISA, respectively \[[@r25]\]. The low correlation between serological and molecular methods for detection of equine piroplasms could be explained by the observation that these methods detect different entities and therefore differ in principle. Thus, PCR is considered a reliable diagnostic method for active infections, whereas serological tests are reliable for the detection of persistent infections \[[@r17], [@r20]\]. A similar infection pattern of *Th. equi* higher than *B. caballi* was reported in horses in different parts of Sudan, and the prevalence was higher when using ELISA than when using PCR; however, no donkeys were included in that study \[[@r38]\]. Another molecular surveillance study was conducted in five states in Central, Eastern, and Western Sudan, including Khartoum State, using blood samples from horses and donkeys. In that study, 22% of horses in Khartoum State were PCR-positive for EP, but no donkeys from Khartoum State were examined \[[@r36]\]. The current study targeted donkeys only, and we provided basic information on the prevalence of EP; these findings could help in the development of future control strategies.

In conclusion, we documented high prevalence rates of TR and EP in donkeys in the study area. Different causative agents of these diseases were identified, and some agents, such as *Tr. congolense* savannah and *Tr. evansi* type A, were reported for the first time in donkeys in Sudan. Moreover, the detection of tsetse-transmitted *Tr. congolense* savannah in donkeys in West Omdurman should alert the veterinary authority of the possibility that the parasite could be mechanically transmitted to other susceptible animal species. Thus, donkeys should be included in any control strategies for trypanosomosis in the future and should be given more veterinary care in general in Sudan.
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